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ABSTRACT OF THE DISCLOSURE 

A stripe of varying cross-section is deposited from a 
die onto a moving substrate and subsequently dried into 
a hardened structure of uniform thickness. 

BACKGROUND OF THE INVENTION 

This application is a division of U.S. patent applica 
tion S.N. 609,171, ?led Ian. 13, 1967, now U.S. Pat. 
3,461,841. 

FIELD OF THE INVENTION 

The present invention has application to the general 
?eld of extruding ?uid material through an extrusion die 
and onto a continuously moving ?exible substrate to form 
a ?nal, dried, ?at stripe of material having a uniform 
cross-section. The invention has particular application 
to the ?eld of applying magnetic recording material to 
a substrate and since good magnetic recording head to 
recording media contact is required for a good recording 
performance, the stripe, when hardened, must have both 
uniform thickness and a ?at contact head surface. 

DESCRIPTION OF THE PRIOR ART 

Magnetic sound tracksin stripe form have been ap 
plied to ?lms or like substrates in the past by various 
coating apparatus. One prior art apparatus is charac 
terized by a uniform rectilinear die opening, known as a 
?at die, under which circumstances the dry coating, rather 
than having a ?at ‘and uniform cross-section, is charac 
terized by the presence of a valley or recess in the center 
of the stripe which greatly inhibits the subsequent mag 
netic recording of information. 

In an attempt to obtain a more uniform deposit of 
magnetic sound tracks on moving substrates, the mag 
netic stripe material also has been laid' down directly 
from a nozzle rather than by the use of an extrusion die, 
in which case the nozzle is provided with a cross-sectional 
shape other than rectilinear to prevent the entrapping of 
air as the material is being applied to the substrate. 

In the type of apparatus where the liquid to be stripped 
passes through an extrusion die onto the moving sub 
strate, attempts have been made to supply a greater mass 
of material at the center point of the deposit and to utilize 
the pre-application of spaced edge strips of the same ma 
terial to induce the rapid ?ow of the material from the 
center to the edges and thereby affect a uniform cross— 
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sectional thickness. In the general coating ?eld, it is also A 
known to pass the substrate through a bath of coating 
liquid and to use specially con?gured screeding mem 
bers to ensure the retention of a greater mass of liquid 
in the center area of the planar surface being covered so 
that prior to drying, the coating material will spread and 
form a stripe of uniform cross-sectional thickness. 
A number of problems are inherent in the above de 

vices and methods of the prior art disclosures are obvi 
ous. In the ?rst case, where a ?at die is employed, the 
presence of the greater thickness or mass of material at 
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the time of deposit at the center of the stripe is purely 
happenstance. In the second type of apparatus, the em 
ployment of prestriping the edges to de?ne the stripe 
area in an attempt to induce resultant uniform thickness 
to the stripe greatly complicates the coating procedure. 
In the third form of apparatus, where en mass coating of 
the substrate is achieved by ?rst dipping and then selec 
tive removal of the stripe material, it is hard to closely 
control the width of the stripe deposit. 

SUMMARY OF THE INVENTION 

The present invention is directed to the method of 
die extrusion of magnetic material in stripe form onto 
a moving substrate including a reservoir for supplying 
the stripe material to the die. The die opening is substan 
tially rectilinear and has an arcuate upper face to ensure 
the controlled extrusion of magnetic material of initial 
maximum thickness at the center of the stripe, whereby, 
upon subsequent drying, the stripe is characterized by a 
?at surface of uniform cross-section. The crowned die 
of the present invention advantageously consists of a cen 
tral, adjustable die member movable vertically between 
spaced guide members. Adjustment of the center, curved 
section of the crown die assembly varies the thickness of 
the stripe while maintaining uniform cross-sectional 
thickness of the dried stripe. The employment of an 
upper concave, horizontal extrusion surface which con 
stitutes an arc of a circle of a given radius ensures uni 
formity in variance of an initial thickness of the stripe 
deposit. The radius of curvature may be readily varied de 
pending upon the viscosity of the material being coated, 
and the width of the stripe being applied. 

A BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a front elevational view, partially in section, 
of a preferred form of the improved die extrusion ap 
paratus of the present invention for depositing a ?at mag 
netic stripe onto a moving substrate. 

FIG. 2 is a side elevation, in section, taken about'lines 
2—2 of the apparatus shown in FIG. 1. 
FIG. 3 is an elevation, in section, of a portion of the 

apparatus shown in FIG. 2 taken about lines 3—-3. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to the drawings, there is shown the improved 
die extrusion apparatus of the present invention, which is 
particularly applicable to coating a thin stripe of mag 
netic recording material on a substrate, which moves at 
relatively high speed through the apparatus. Magnetic 
material (not shown) in ?uid form is maintained at a 
given level within hopper 10 which is mounted in front 
of and above an extrusion die formed of metal and in 
dicated generally at 12. The hopper 10' includes spaced 
side walls 14, a vertical rear wall 16, and an inclined 
front wall 18 to de?ne a hopper bottom outlet 20. A 
reciprocating valve member of like con?guration in the 
form of a plunger 22 is shown in closed position pre 
venting magnetic stripe material from passing downwardly 
through nozzle 24. The valve plunger 22 is supported by 
means (not shown) and movement of valve stem 26 up 
wardly, unseats valve 22, allowing the magnetic mate 
rial within the hopper 10‘ to pass downwardly through 
the lower nozzle opening 28 onto moving substrate 30 
(shown in dotted line form). Substrate 30 passes longi 
tudinally through the apparatus in the direction indi 
cated by arrow (FIG. 2). The hopper 10 is ?xedly sup 
ported on a base or table member 34, including lower 
and upper sections 36 and 38, respectively. The lower 
base member 36 is recessed at 37 and cooperates with re 
cess 40 carried by the upper table section 38 to de?ne a 
longitudinally extending cavity 42. Further, the upper 
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table section 38 is centrally recessed at 44 to receive ad 
justable extrusion die assembly 12. In this respect, the 
extrusion die assembly cooperates with a vertically ad 
justable support block 46. Block 46 is ?uid biased by a 
pair of spaced ?uid motors 48 and 50 (indicated in dotted 
lines, FIG. 1). The ?uid motors form a part of block 
member 52 which is positioned within the lower part of 
the working cavity 42. The ?uid motors include, respec 
tively, vertically adjustable pistons 54 and 56, having their 
upper ends rigidly coupled to the bottom of the support 
block 46 at spaced points. The support block 46 moves 
upwardly in response to the application of a biasing ?uid 
to the ?uid motors through a common ?uid inlet 57. The 
block member 46 moves upwardly to a point de?ned by 
the thickness of the substrate member 30‘ and the posi 
tion of die assembly 12. The transversely extending pin 
58 carried within block 52 limits the movement of the 
support block 40 to the vertical direction under the in 
?uence of the ?uid motors 48 and 50. 
A pair of bracket ‘members 60 hold vertical support 

blocks 62 and transversely extending support block 64 
at the rear of the apparatus. The blocks 62 and 64 form 
the support assembly for the vertically adjustable extru 
sion die assembly 12. In this respect, the transverse sup 
port block 64 is bored centrally at 66 to ?xedly receive 
an internally bored and threaded, ?anged sleeve member 
68. The sleeve member 68 receives a threaded bolt 70 
which is also threadably received within upper die car 
rier 72. The die assembly 12 further includes opposed, 
spaced guide members 74 and 76, which may be ?xedly 
coupled both to support member 62 and to the upper table 
section 38 within recess 44. With the guide members 74 
and 76 ?xed to the stationary support members, the 
guide members de?ne a narrow passageway for the mov 
ing elements of the die assembly 12. The upper mov 
able die carrier 72 is coupled to a lower movable die car 
rier 78 by means of a pair of pins 80. The lower movable 
die carrier 78 holds, as an element thereof, a generally 
rectangular die element 82 including a concave bottom 
surface 84. 
The concave surface 84 forming the crowned die, in 

cross-section, is de?ned by an arc of a circle of a given 
radius. The lower face 84 of the die cooperates with a 
pair of spaced carbide guide rails 86 and 88 to de?ne in 
conjunction with the substrate surface a generally recti 
linear die opening 90 having a uniform and closely con 
trolled height varying from the center of the die opening 
outwardly, to accurately control the deposit of coating 
material onto the substrate 30‘ as it moves through the 
apparatus. Adjusting screws 92 are carried by the ?xed 
main guide members 74 and 76, to ?x the carbide guide 
rails within recesses 93 formed within respective main 
guide members 74 and 76. It is noted in FIG. 3 that there 
is a slight vertical gap at 94 between the bottom of the 
guide rails 86 and 88 and the top surface of substrate 30. 
In actual practice, this gap disappears upon the applica 
tion of ?uid pressure to ?uid motors 48 and 50‘ which 
causes the support block 46 to move upwardly. This also 
prevents the escape of ?uid magnetic recording material 
from the die area except in an axial or forward direc 
tion. The stripe deposit has a cross-sectional con?guration 
of like form to that presented by guide rails 86 and 88 
and the crowned die member 82. It is further noted that 
suitable, elongated slots 96 in die carriers 78 and 98 in 
die carrier 72 allows the die assembly, including sections 
72, 78 and 80, to be adjusted vertically regardless of the 
transversely extending screw members 100, 102 and 104, 
which join the main guide sections 74 and 76 together 
at points spaced vertically of the assembly. 
The die extrusion apparatus, in the vicinity Where the 

substrate makes its entry to the vworking area, is provided 
with curved or relieved surfaces so that the substrate, as it 
enters, does not come into abrupt contact with the support 
block or pressure pad 46. In this respect, the front edge 
106 of the block member 46 (FIG. 2) is rounded or 
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curved. Likewise, at the front of the machine, the back 
dam member 108v ?xed to the upper table section 38 is 
further provided with a curved or tapered front edge 110 
for the same purposes. Theback darn 108 does not extend 
rearwardly to the extent of the movable die assembly 12, 
but terminates to form an area 112, above the substrate 
which receives ?uid magnetic material. The side walls of 
the extrusion apparatus are so machined that the material 
to be extruded can pass only through the opening de?ned 
by the guide members 86, 88, crowned die 82 and the 
substrate. Where the substrate is exiting from the extrusion 
apparatus, at end 114, the edges 116 of the support block 
or pressure pad 46 are kept sharp as is the bottom rear 
edge 118 of the extrusion die member 82. This is important 
in order to achieve the exact dimensions of the stripe which 
otherwise might be lost if the substrate were de?ected in 
the area of the crowned die. 
The to be striped substrate 30 is urged against the die 

by the support block 46. The pressure pad or support 
block 46 comes into physical contact with the area exactly 
beneath the carbide rails 86 and 88 so that a discrete 
stripe of accurate width may be formed. 

In order to ensure that the proper position of the web 
like substrate 30 as it passes through the apparatus, an 
adjustable guide member, carried by block 52, cooperates 
with a ?xed guide member on the opposite side of the 
crown die. A spring-biased adjustable guide 120, rec 
tangular in cross-section, is positioned on the top of the 
block member 52 with its position being vertically deter 
mined by screw member 122. The coil 124 tends to bias 
the block to the right such that a rectangular recess 126 
formed on the right-hand face receives the left-hand edge 
of the moving substrate web 30 (FIG. 2). The right-hand 
edge of the same substrate is merely abutted against the 
outer edge ?xed guide block 128 which is coupled to 
the bottom face of the upper table member 38 by a suit 
able mounting screw 130. 
The concave surface 84 forming the crown die is de 

?ned as an arc of a circle of a given radius. Depending 
upon the width of the stripe being applied to the substrate 
and the viscosity of the material being coated, greater or 
lesser curvature is given to the adjustable die element. 
For coating a ?at stripe of from one fourth of an inch to 
one half of an inch in width of a speci?c composition 
having a viscosity in the order of 1000 c.p.s. to about 6000 
c.p.s., a crown die having a radius of curvature in the 
order of 120 to 140 inches is quite adequate to ensure, 
after drying, the formation of a stripe of uniform cross 
sectional thickness. If a narrow stripe is desired, in the 
order of an eighth of an inch, a radius of curvature for 
the crown die in the order of about 60 inches will provide 
the desired results, assuming, of course, that the viscosity 
of material being applied remains the same. If widths of 
up to about one inch are desired, the curvature of the 
arched upper face of the die opening may be the arc of a 
circle of on the order of about 200 inches. Further, in the 
use of the above described apparatus with a magnetic 
material composition, the speed of coating may be varied 
within the range of 30 feet per minute to about 200 feet 
per minute. 
The desired curvature to the crown die is necessitated by 

rheological or ?ow properties of the viscous ?uid through 
the die. These ?ow properties are similar to laminar ?ow, 
such as any viscous material experiences as it ?ows near 
a solid boundary. Thus, a narrower stripe requires a great 
er amount of curvature to allow more of the ink in the cen 
ter portion where there will be a substantially more rapid 
?ow than in a wider stripe. Conversely, where a wider 
stripe is desired, there would be less of a variation of ?ow 
in the center portion of the stripe and thus, would require 
less additional ink to ?ll it out. While the preferred mate 
rial was used at a viscosity of from 2,000 to 5,000 c.p.s., 
viscosities of up to about 10,000 c.p.s. can be utilized with 
appropriate modi?cation of the die and radius of the crown 
of the die. 
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With the die extrusion apparatus of the present inven 

tion, the crown die is slidably mounted between the carbide 
guide rails on each side. This allows for the vertical ad 
justment of the die as desired. The height of the crown die 
above the substrate is determined substantially by the 
height of the carbide rails at their point of contact with 
the lowest portion of the crown die. This height is cali 
brated with a tenth indicator (not shown) from the ?at 
surface of the carbide rail, which will come in contact with 
the substrate to ‘the lowest corner of the crown die. Ob 
viously, only one rail need be calibrated as the two side 
rails are parallel, being mounted so within the recesses of 
the stationary die elements 74 and 76. The preferred height 
of the die is four to ?ve mils which results in a stripe, ap 
proximately .5 mil thickness being deposited. 
The overall apparatus forms one element in the pro 

duction of magnetic recording media. An oven (not 
shown) is turned on and the fans within it start to bring 
the oven up to a desired drying temperature for the stripe 
after it is coated. The web which, for instance, may con 
stitute Mylar polyester, is started moving through the 
apparatus at a predetermined speed, such as 100 feet 
per minute. The plunger element 22 of the apparatus 
is lifted. This allows the magnetic ink (not shown) to 
?ow out of the hopper container down into the crown 
and die section entering area 112. After the ?ow of ink 
has started, a bank of ink builds up within the carbide 
rails between the front portion of the crown die 82 and 
the back dam 108. After this initial build-up of the ink, 
which is almost instantaneous, the composition ?ows out 
or escapes through the die opening 90 in the desired 
stripe con?guration onto the substrate 30. A continuing 
supply of ink allows a continuous stripe to be formed. 
After the substrate is coated, the magnetic particles may 
be oriented by an external magnetic ?eld, the oriented 
media then passing into a preheated drying oven where 
the solvent is removed by evaporation. After drying, the 
substrate may be readily wound onto a reel for additional 
processing, as desired. 

While the invention has been particularly shown and 
described with reference to a preferred embodiment there 
of, it will be understood by those skilled in the art that 
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various changes in form- and details may ‘be made therein 
without departing from the spirit and scope of the in 
vention. 
What is claimed is: 
1. A method of forming a ?at stripe of coating ma 

terial on a substrate, comprising the steps of: 
passing said substrate beneath a die, causing ‘liquid 

coating material whose viscosity is on the order of 
1000 cps. to about 10,000 cps. and constituting solid 
coating material in a solvent to issue in a single 
application from said die onto the surface of said 
substrate in the form of a stripe having a convex 
upper surface; 

and removing the solvent from- said liquid coating ma 
terial by evaporation to dry said material into a 
hardened structure having a uniform cross-section 
and a ?at upper surface. 

2. A method of depositing a ?at stripe of coating ma 
terial on a substrate as claimed in claim 1, wherein said 
coating material is issued from the die having a concave 
upper surface opposite said substrate. 

3. A method of depositing a ?at stripe of coating ma 
terial on a substrate as claimed in claim 1, wherein said 
coating material has magnetic properties. 
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